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INTRACELLULAR DELIVERY OF BIOLOGICALLY ACTIVE SUBSTANCES 
BY MEANS OF SELF-ASSEMBLING LIPID COMPLEXES 
Background of the Invention 
5 The present invention relates to methods that are used 

to enhance delivery of * biologically and pharmacologically 
active agents , particularly polynucleotides, proteins , 
peptides , and drug molecules, by facilitating transmembrane 
transport or by encouraging adhesion to biological surfaces. 
10 It relates particularly to self-assembling systems, 
comprising lipids having cationic charged regions, that 
facilitate intracellular delivery of these bioactive agents. 

Not all bioactive agents need to enter cells to exert 
their biological effect. Some are able to act on cell 
15 surfaces through cell surface receptors, while the effect of 
others is mediated through an interaction with extracellular 
components. However, many valuable therapeutic agents that 
are most effective in influencing cell function at the 
subcellular or molecular level, comprising natural 
20 biological molecules and their analogues, or foreign 
substances such as drugs, are preferably incorporated 
within the cell in order to produce their effect. In many 
cases, the cell membrane provides a selective barrier which 
is impermeable to many of these agents. 
25 -The complex composition of the cell membrane comprises 

phospholipids , -glycol ipids , and cholesterol , as well as 
intrinsic and extrinsic proteins, and its functions are 
further influenced by cytoplasmic components, comprising 
small ions and subcellular structures. Interactions among 
30 these elements and their response to external signals make 
up transport processes responsible for membrane selectivity 
of various cells. Successful intracellular delivery of 
agents not naturally taken up by cells has been achieved by 
exploiting the natural process of membrane fusion or by 
35 exploiting the cell's natural transport mechanisms which 
include endocytosis and pinocytosis (Duzgunes, N. , 
Subcellular Biochemistry 11: 195-286 (1985)). 
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The intracellular delivery of bioactive agents is 
essential for many useful applications. The delivery of 
polypeptides, for example, could be useful in therapies to 
correct genetic defects, for immunization, or in the 
treatment of various other disorders. Intracellular 
delivery of beneficial or interesting proteins can be 
achieved by introducing expressible DNA and mRNA into the 
cells of a mammal, a useful technique termed transfection. 
Gene sequences introduced in this way can produce the 
corresponding protein coded for by the gene by using 
endogenous protein synthetic enzymes. Therapeutic peptides 
that could be introduced in this way include lymphokines, 
such as interleukin-2, tumor necrosis factor, the 
interferons, growth factors, such as nerve growth factor, 
epidermal growth factor, and human growth hormone, tissue 
plasminogen activator, factor VI1I: C , erythropoietin, 
insulin, calcitonin, and amylin. m addition, major 
therapeutic benefits could be obtained by means of 
intracellular delivery of toxic peptides such as ricin, 
diphtheria toxin, or cobra venom factor in order to 
eliminate diseased or malignant cells. Transfection of 
cells has been carried out by various methods, comprising 
calcium phosphate precipitation, or DEAE dextran or 
electroporation methods. Each of these methods is 
restrictive in some way and none is highly efficient. 

Efforts to develop more satisfactory methodologies for 
delivering functional polynucleotides into living cells 
have continued steadily over the years. a major advance 
was the development of cationic lipid technology, based on 
a discovery that a positively charged synthetic cationic 
lipid, N -f 1 -(2,3-dioleyloxy)pro P yl 3 - N ,K,N- 
trimethylammonium chloride (DOTMA) , in the form of 
liposomes, or small vesicles, could interact spontaneously 
with DNA, which is negatively charged, or anionic, to form 
lxpid-DNA complexes having a net positive charge and 
capable of fusing with the negatively charged cell 
membranes of tissue culture cells, to achieve both uptake 
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and expression of the DNA (Feigner, p.L. et al. Proc. Nat- 7 
Acad. Sci. f USA 84:7413-7417 (1987) and U.S. Patent No. 
4,897,355 to Eppstein, D. et al.). The Lipofectin* reagent 
(Bethesda Research Laboratories, Gaithersburg, Maryland) , 
an effective commercial cationic lipid reagent for the 
delivery of highly anionic polynucleotides into living 
tissue culture cells, comprises , positively charged DOTMA 
liposomes. 

Since the introduction of DOTMA, other cationic lipid 
agents have been developed for use in transacting cells. A 
DOTMA analogue, l,2-bis(oleoyloxy)-3-(trimethylaminonio)- 
propane (DOTAP) has been successfully used in combination 
with a phospholipid to form DNA-complexing vesicles 
(Stamatatos, L. et al., Biochemistry 27(11) :3917- 
15 3925(1988). Also a co-pending U.S. Patent Application 
Cationic Lipids for Intracellular n eiiverv nf Biologically 
Active MoleculPs , filed April 19th, 1990 by Feigner et al., 
discloses cationic lipids which are more effective and less 
toxic than presently known cationic lipids for 
20 transfection. Cationic lipid methodology is presently 
preferred over other methods; it is more convenient and 
efficient than calcium phosphate, DEAE dextran or 
electroporation methods. However, it can only be applied 
to polyanionic molecules, such as DNA. Unfortunately, not 
all bioactive substances of interest are as negatively 
charged as polynucleotides; therefore, the extension of 
cationic lipid methodology to the delivery of other 
molecules, for example, many proteins, is not feasible. 

Transport of proteins is among the most selective and 
specific of transmembrane processes. Such processes 
involve protein-protein recognition (signal sequences), 
frequently require ATP, or are enzymatically driven. 
Viruses have proteins capable of accessing thes processes 
successfully, thus allowing viral infections of cells to 
occur. The viral method of intracellular penetration has 
been exploited to develop a methodology which uses viral 
••chimerasomes" or proteoliposomes for intracellular protein 
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delivery. Viral chimerasomes are lipid vesicles containing 
molecules intended for intracellular delivery together with 
two critical proteins isolated from viruses, one of these 
proteins is a cell surface recognition protein which 
promotes attachment of lipid vesicles with the cell 
surface. Another is a viral fusion protein which 
facilitates the introduction of the viral contents into the 
cell cytoplasm. Unlike the Lipofectin" reagent, the 
chimerasome methodology is broadly applicable to the 
delivery of proteins as well as polynucleotides. However, 
it is more expensive and difficult to manufacture than 
cationic lipid reagents because it involves isolation and 
purification of components of potentially infectious virus 
particles. Stability of the proteins and lipids in the 
chimerosome reagent is a potential problem, and it is also 
somewhat less convenient to use than the cationic lipids. 

A modification of the cationic lipid technology has 
been suggested which may confer a degree of specificity on 
its transfection procedures similar to that of 
20 chimerosomes. According to the strategy of Eppstein, D. et 
al. U.S. Patent No. 4,897,355, polynucleotide molecules are 
farst treated with DOTKA to produce a positively charged 
complex. This complex is then treated with negatively 
charged liposomes to form a double coated, negatively 
25 charged complex. The negatively charged coat may comprise 
a coupling reagent. Receptor specific agents, such as 
antibodies, lectins, and other ligands may then be attached 
to the negatively charged outer layer through the coupling 
reagent. The overall negative charge of the double-coated 
complex prohibits its non-specific interaction with the 
negatively charged membranes of cells while allowing 
relatively specific interaction through the binding of 
integral ligands. The defect of this approach, like that 
of the chxmerosome meth dology, is its relative complexity, 
and its requirement for specific binding reagents; further, 
its application, like that of the parent cati nic lipid 
methodology, is limited to polyanionic materials, that is 
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polynucleotid s and negatively charged proteins. 

It would be desirable to have an intracellular 
delivery system having the advantages of the above 
described cationic lipid and chimerosome methodologies but 
5 without their inherent limitations. 

It is therefore an object of the invention to provide 
a methodology for the intracellular delivery of a wide 
variety of bioactive agents, particularly proteins, 
regardless of net charge. 
10 The intracellular delivery systems disclosed herein 

exploit self-assembling processes found in natural systems 
to join together molecular subcomplexes through physical 
mechanisms of ionic attraction and repulsion and 
hydrophobic-hydrophilic interactions. The most pertinent 
15 example of such systems in nature is the simple assemblies 
of lipids and proteins to form cell membranes. The 
physical forces holding such structures together are 
relatively weak and non-specific, and this, among other 
factors, allows the assembly to proceed spontaneously and 
20 rapidly. 

An advantage of self-assembling systems that imitate 
these natural systems is that the energy conserving nature 
of their assembly and disassembly eliminates the necessity 
of chemically bonding the subunits together or providing 

25 means to degrade them to the active units in vivo. The 
property of self-assembly therefore enables a convenient 
and practical manufacturing procedure. 

It is also an object of the invention to provide a 
generally applicable intracellular delivery system which is 

30 self-assembling, eliminating the need for synthesis 
procedures. 

It is further an object of the invention to provide 
reliable and efficient reagents for an intracellular 
delivery system which are commercially feasible, that is, 
35 relatively easy and inexpensive to manufacture and having 
an extended shelf life. 



WO 91/17424 

PCT/US91/02962 



-6- 



Brief Description of Draw i nr 

Figure i shows intracytoplasaic delivery of 
fluorescemated dextran (MW 4000, , i„ to NIH-3T3 cells 

Figure 2 shows intracytoplasaic delivery of 
fluoresceinated dextran (MW 4000) into hela cells 

Flgure 3 ^ows the intracellular delivery of 
Rhodaroine-PE into NIH-3T3 cells. "very of 

Figure 4 shows the deliv^i-v n f , i 
I* dye. 6 CF. into HIH-3T3 cel^ T ^ "° leOUlar " ei ' ht 

Figure 5 shows the deliverv n<p t>k * . 
into NIH-3T3 cells. dellve ^ of Rhodamme-phalloidin 

20 Summary r>f t h< => Wfi^ 

negatively charged lipid and ls negatively charged ^d ~ 

a net positive ^ ^^T^ T 
vesicles are coated with at l™, "^"ely charged 

Upid vesicle. ^ Motive s^anT Z ^ ^ 
in the vesicle b y containment in Z ."T 
alternatively if h 0 Kf aqueous core; 

a lipophilic EUbSt " nCe iS "P°P»ilic or 

incorporateHrLans o^ PathiC regi °"' " «» 

Upid wall or L vesicle P ° Phm ° int ° tte 

^inra^ehtletrar"' ^ * « ^ 

g tne steps of forming a first complex 
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comprising a positively charged macromolecule and at least 
one lipid vesicle, wherein the lipid vesicle comprise a 
negatively charged lipid and has a net negative charge; and 
contacting the first complex with lipid vesicles comprising 
at least one cationic lipid and having a net positive 
charge to form a second complex. 

According to another aspect of the invention, there is 
provided a method for administering a bioactive substance 
to a cell, comprising the steps of providing the substance 
in a negatively charged lipid vesicle; and administering 
the negatively charged lipid vesicle to a cell together 
with a lipid vesicle comprising at least one cationic lipid 
and having a net positive charge. 

In another embodiment there is provided a method for 
15 administering a bioactive substance to a cell, comprising 
the steps of preparing a complex comprising said bioactive 
substance and a negatively charged lipid vesicle; and 
administering the complex to a cell together with a lipid 
vesicle comprising at least one cationic lipid and having a 
20 net positive charge. The methods of administering 

bioactive substances to a cell can be applied in vivo as 
well as In vitro. 

The invention also provides a composition of matter, 
comprising a bioactive substance contained in a negatively 
25 charged lipid vesicle and lipid vesicles, comprising at 
least one cationic lipid species and having a net positive 
charge, at least partially covering the negatively charged 
lipid vesicle. In preferred embodiments, the composition 
has a net positive charge. The bioactive substance of the 
composition can be a biological macromolecule, such as, for 
example, a polynucleotide, a protein or polypeptide. 
The bioactive substance may also be a drug, and the drug 
may be a small organic molecule. According to one 
preferred embodiment, a bioactive substance is encapsulated 
35 within a negatively charged lipid vesicle. The bioactive 
substance may also be lipophilic or comprise a lipophilic 
region, and is thereby incorporated among the lipids of the 



30 



WO 91/17424 

PCT/US91/02962 



15 



20 



25 



30 



-8- 

lipid vesicle. 



35 



The invention also provides a kit, comprising 
materials, supplies rea«Pn<- c * . p lsing 

, supplies, reagents, and instructions for 

preparing self-assembling lipid complexes for the delivery 
of a bioactive substance to a cell, either i„ vitro or Z 
vivo, comprising at .least one vessel- containing at least 
one negatively charged amphipathic lipid species; and a 
guantxty of a lipid substance, the substance comprising \t 
least one positively charged amphipathic lipid species. 
The kit can further comprise at least one hydrating buffer 
solutxon and an instruction leaflet. 

suitable O oL 0f Keth ° dS ° r CO »* ositi °- ^closed 

suitable positively charged lipid species can be known or 
unknown cationic licids sur*h « * or 
or can hav. ^ T ' * eXample o^DOTMA 

or «n have the structure of any of the novel cationic 
lipids described herein. *-«ionxc 

Detailed n^rrintinn nf ^ ^ ..^ , m 

self P " S6nt inve "tion provides vehicles, comprising 

self-assembling l ipid complexes, capable of delivering 

^z^r\'/ b ' tai10 "' particui -^ pciynucieotT;:: 

oligonucleotides, proteins, peptides or drugs into living 

the methods "* "* "-g to 

the methods presented, lipid vesicles, comprising li Did 
species having either a negative or positivf charL 
combined with the substance to be deliver* Tin a T' T 
ordered seguence, forming self-assembUnT ! / h 
containing the substance to " d ^l % 
Positively charged outer lipid layer " * 

charged lip id to T\ " Pr ° perties •* * positively 

assoLatea ^^Z^' " M ~ tl ~ SUl —* 
cell membrane ~ ^ 

association of the l[ ' Jf lnVention Prides a prior 
charged lipids to\ 0 substance with negatively 

lipids to form primary complexes having a net 
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negative charge. This primary complex promotes a 
subsequent secondary complex formation with the liposomes 
comprising the cationic lipids that facilitate membrane 
transport. In this way the invention extends cationic 
lipid methodology to all bioactive agents intended for 
intracellular delivery, regardless of size or net charge. 
It also provides an intracellular delivery process that is 
quite non-specific and is therefore broadly applicable to 
all cell types, in cases where these substances, as such, 
are not able to penetrate the cell membrane, including 
those of cells that do not contain specific ligand or 
antibody receptors. 

Lipid Vehicles for Intracellular Delivery 

Vehicles for intracellular delivery according to the 
15 invention comprise a primary negatively charged lipid 
complex in association with the bioactive substance to be 
delivered and a secondary complex, having a net positive 
charge and comprising the primary negative complex in 
association with positively charged liposomes. The 
invention provides two general strategies for assembling 
the primary negatively charged lipid complex comprising the 
bioactive substance. According to a preferred strategy, 
the bioactive substance to be delivered is entrapped within 
a lipid vesicle or liposome comprising negatively charged 
lipids and having a net negative charge. The entrapment can 
occur, according to one embodiment of the invention, as an 
incorporation of a lipophilic bioactive substance, or such 
a substance having a lipophilic region, into the wall of 
the lipid vesicle. According to another embodiment, the 
entrapment can occur as an encapsulation of hydrophilic 
bioactive substance into the aqueous core of the lipid 
vesicle. For both lipophilic and hydrophilic substances, 
the uptake into the negatively charged liposome occurs 
during the process of liposome formation, typically the 
35 hydration of a lipid film, disclosed herein, and 
illustrated by examples. Examples 3, 5, and 6 disclose the 
encapsulation of substances within negatively charged 
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xip™ and Exainple 4 disoloses ^ , 

lipid derivative into the liposome wall. 

According to another strategy, the bioactive sub,*. 
is contacted with negative* charged liposomes a^l 

proviaT " lMSt PartUUy «» ^rtanc^t 

regions 3 T^a ^ *^ 

91ons - In a preferred embodiment v ? 

^stance has a net positive charge Jd LertL t^te 
negative liposomes by means of charge attract 
10 axternatively, the bioactive substance can be "eu^ T 
negatively charged but comprise lipophilic t» 
Promote its association with the l^Tof^T f ' 
throu 9h hyarophobic or lipophlUc l t 2? ct * n ^ ™* 

another embodiment, the bioactive substanc. * 
15 amphipathic peptide helices Z ** bSt ™ Ce Can <=°»Prise 
disclosed by Segrist, atent' »o ™ £ tat^ 

it:;:iitT„ttrt- vesioie sur£a ~ z 

other bioactive suit * COntai " **« — « 

ihcorporated/rdis^r^;; — - 

Positive* charged cationic 1"L ^ hav 

positive charge 0n r . L P and hav «g a net 

-prising ei'th'er t^J^"^ ^ — - 

negatively charts i • charged lxposomes or the 

3» liposomes' sprane u P sly TrT 

positive surface charge! bWl »" « net 

charge" ZZT^.'^T^ ^ positively 

«U=, will spontaneousiT attach t *" °~ Vlth 

»« interact direct* with the T *° EUrtaees «* 

conventional cationic li!lrf IT* me » b ™°- wording to 
bioactive cargo into tht ^, ^"very , the 

9 " t0 the ° eU <=>*°P1«» can occur by various 
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mechanisms. For example, the lipids of th complex may 
either directly fuse with the plasma membrane and discharge 
the entrapped substance intracellularly; alternatively, it 
may be phagocytized and interact with other internal 
membranes or the membranes of the phagocytic compartment 
itself. 

All of these assemblies, comprising the encapsulation 
or incorporation of substances within lipid vesicles, the 
association of substances with positively or negatively 
charged lipids or vesicles thereof, the association of 
positively and negatively charged lipids and vesicles 
thereof, and even the attachment of the vesicles to the 
target cell surface and fusion directly with cell 
membranes, occur spontaneously as the result of repulsions 
15 and attractions of ionic charges and hydrophobic-hydrophilic 
interactions. 

Therefore, the negative and positively charged lipid 
complexes form almost instantaneously, and accordingly the 
primary negatively charged complexes can be contacted with 
the positively charged liposomal preparation and target 
cells simultaneously. Alternatively, the primary negative 
complexes and positively charged liposomes may be mixed to 
form secondary complexes before contact with the target 
cells. For in vivo applications, prior complex formation 
is preferred, while for in vitro applications, the 
positively charged empty liposomes are conveniently added 
to a cell culture at the same time as the negatively 
charged liposome-bioactive agent complexes, thus avoiding a 
separate mixing step. 
30 Liposom e Formulatin g 

The lipid reagents of the invention may comprise lipid 
mixtures similar to that of the physiological cell 
membrane, comprising phospholipids as primary components. 
The lipid reagents can further comprise any of the 
conventional synthetic or natural liposome materials, 
including phospholipids from natural plant r animal 
sources such as phosphatidylcholine. 
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phosphatidylethanolamine 

pho S p h ati dylserlne , or ^z^;^ 

phospholipid that aa y also be usea includ ^ « 
sy„tr t Mr ° yP SPhatidyl ° h0line and the ™ P o„ dl l 

for «.e preparation of liposomes ™tionall y Known 

The positively and negatively chara^ t ^ 
-ea m the aethoas ot the Lent/on tre^^nl 
as appropriate fro* a aixture of ^ c ™ e , T ^ 

»ono g l yC eriaes, ai g l y ceriaes ana tri^Z'. " 
are " ^ 

a. p^jr ~ ~r r phatiayi 

25 analog. positively charaea lipla Ph0Sph °"* i < 1 

invention are those conJisinTIl , * ° f 
species havino a net t^ZZT^ 
suitable lipia species comprise caWo"^^ ^ 

as l,2-bis(oleovloxvi--* ^ uonic "P*>s, such 

a M oni„ surfactants, such J £ -"-"^titutea 

"Pids having sllnUar E tructures^I?' n Ca "° nic 
of these. Particulars Z 7 Parties or mixtures 

disclosed ,„ """I ""^"a oationic lipias are those 

ActivA M »i^ 11r - fn . ' '- *■ "f Biol orr jcany . 

Which is „ereh y incomer* IT^llT " ^ 

«y rererence. These cationic 
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lipids have the general formula 
H 2 C - Y 1 - R 1 
H C - Y 2 - r2 

f CD 

«tH 2 )n - N + - R4 , x- 
10 R 5 - 0 - R 6 - R 7 

wherein 

Y 1 and Y 2 are the same or different and are -o-CH 2 -,- 
O-C(O)-, or -0-; 

15 r! and R 2 are the same or different and are H, or C x 

to C 2 3 alkyl or alkenyl; 

R 3 and R 4 are the same or different and are C 2 to C 2 4 
alkyl, or H; 

R 5 is C2 to C 24 alkyl straight chain or branched chain; 
20 r6 is -C(0)-(CH2)j„-NH-, a diaminocarboxylic acid which is 
alkyl, aryl, or aralkyl, or -C(O) -(CH 2 ) tt -NH- linked to said 
diaminocarboxylic acid, or is absent; 

R ls H » spermine, spermidine, a his tone, or a protein with 
DNA-binding specificity, or wherein the amines of the R 7 

25 moiety are guaternized with. R 3 , R«, or R 5 groups; or 

R 7 is an L- or D-alpha amino acids having a positively 
charged group on the side chain, said amino acids 
comprising arginine, histidine, lysine or ornithine or 
derivatives thereof, or the same amino acids wherein the 

30 amine of the R 7 moiety is guaternized with R 3 , R« or r5 
groups; or 

R 7 is a polypeptide selected from the group consisting of 
L- or D-alpha amino acids, wherein at least one of the 
amino acids residues comprises arginine, histidine, lysine, 
35 ornithine, or derivatives thereof; 
n is 1 to 8; 
m is 1 to 18; and 
X is a non-toxic anion. 

These compounds have been found to be highly effective 
for use in lipid formulations for transfection and other 
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intracellular delivery procedures. Particularly preferred 
for in vivo transfection or other cell delivery are the 
diester or ether/ester species of these compounds which are 
found to be more easily metabolized than previously known 
cationic lipids while nonetheless retaining a high level of 
transfective activity. m particularly preferred 
embodiments, therefore, the positively charged liposomes of 
the invention comprise the cationic lipids l,2-dioleoyl-3- 
dimethylaminopropyl^-hydroxyethylammonium or 1-o-oleyl-, 
2-oleoyl-3-dimethylaminopropyl^-hydroxyethylammonium. 

For the same reason of metabolizability, ester or 
ester derivatives of the known cationic lipids having a 
formula as set forth below are also preferred. 
H 2 c - Y 1 - Rl 



Y 2 _ R 2 
R3 



I (ID 
H 2 6 - A+ - R 4 x _ 

is 



25 or an optical isomer thereof, wherein 

Y 1 and Y2 are different and are either -0-CH2-, -0-CfO)- 
or OH; 1 ' ' 

aLe'nylf ^ ^^^^ abSent ° r ~e d to C 23 alfcyl or 
30 R3, R 4 and R5 are the same or different ^ ^ h ^ ^ 
C 14 alkyl, c 7 to Cll aryl or alKaryl, or at least two of 

liLjj- tak6n t0g6ther t0 forn luinuclidino, 

pipendino, pyrrolidine, or morpholino; 

n is l to 22; and 
35 X is a non-toxic anion. 

Non-toxic anions described herein „ay be those of 
Pher.aceutic.uy non-toxic acids inching inorganic acids 
and organic acids. Such acids indude hydrochloric 
40 hydrobroaic, suifuric, phosphoric, acetic, benzoic, citric' 
Sluta^c. iactic acid and the iifce. P or the preparation o 
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pharmaceutically acceptable salts, see S. M. Berge et al., 
Journal of Pharmaceutical Sciences P 66:1-19(1977) which is 
incorporated herein by reference. 

In a lipid formulation for preparing positively 
5 charged lipid vesicles, the cationic lipid can be present 
at a concentration of between about 0.1 mole% and 100 
mole%, preferably 5 to 95 mole%, and most preferably 
between 20 and 80 mole%. In a formulation for preparing 
negatively charged lipid vesicles, the negatively charged 

10 lipid can be present at a concentration between about 0.1 
and 100 mole%, preferably 1 to 90 mole%, and most 
preferably 3 to 50 mole%. 

In order to produce lipid vesicles having a net 
charge, the quantity of the positively or negatively 

15 charged component must exceed that of the alternatively 
charged component. The alternatively charged lipid can be 
present at between about 0 to 49 mole% and preferably 0 to 
40 mole%. 

The neutral lipid can be present in positively or 
20 negatively charged lipid vesicles in a concentration of 
between about 0 and 99.9 mole %, preferably 5 to 95 mole%, 
and most preferably 20 to 80 mole%. Cholesterol or a 
similar sterol can be present at 0 to 80 mole %, and 
preferably 0 to 50 mole%. 
25 The lipid reagents may be prepared and stored as empty 

liposomes in aqueous solution, or may be stored as dried 
lipid, for example as a lipid film, after formulation to be 
later used as encapsulating reagents for selected bioactive 
substances. 
30 Liposome Formation 

It should be understood that the lipid formulations 
of the invention, comprising at least one amphipathic 
lipid, such as a phospholipid , spontaneously assemble to 
form primary liposomes, heterogeneous in size and 
35 structure, in aqueous solution. Therefore the term lipid 
reagent, lipid vesicles, and liposom s are used 
interchangeably in describing formulations. 
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The lipid reagents, either negatively r positively 
charged, are prepared as liposomes or lipid vesicles 
according to Example 1. The component lipids are dissolved 
an a solvent such as chloroform and the mixture evaporated 
to dryness as a film on the inner surface of a gl ass 
vessel. on suspension in an aqueous solvent, th 
amphipathic lipid molecules assemble themselves int 
primary liposomes. if other molecules are present in the 
agueous solvent, such as, for example, a bioactive 
substance, these will be captured within the liposomes as 
demonstrated in Examples 3 and 5. Alternatively, some 
lipophilic bioactive substances intended for entrapment can 
be dissolved or suspended in the organic solvent that is 
used to dissolve the lipids of the liposome formulation. 
After evaporation of the lipid film- and hydration to form 
primary liposomes, the substances thus dissolved are 

rathlr L ^ ^ ° f those "po.—, 

rather than being encapsulated into the aqueous interior. 
Otherwise, if there is no solute in the hydration buffeT 
empty liposoines win be formed/ ^ demonstrated f - 



To prepare liposomes suitable for physiological i„ 
vivo use, having a unilamellar structure and a. uniform size 
of from about 50 to about 200 „m in diameter, the primary 

extrusTn Pr °° eSSed * ^ ««, « 

extrusion processes, as provided by Example 2. These 

P~mary liposomes are reduced to a selected mean dia^ 

The cation 0 c ^ P ~ - ~ ~- * 

The cationic lipids of the invention are formed into 

Lc S oT ° f Unif0ra 8126 Pri ° r t0 ^-sfection procedures 
according to methods for vesicle production published in 
the literature and known to those in the art, for example" 

P L et al r aqUe ° US S ° 1Uti0n d6SCrlbed * Pe ^er, 
(19 7, or t; SE5 ^^-^-^^ 84:7413-741; 
(1987, or the reverse-phase evaporation procedure f j 
Wxischut et al. 19:6011-6021(1980, or freeze! 
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th aw and extrusion (Mayer, L. et al., Biochim. Biophyp T 
£cta 858:161-168 (1986). 

Suitable conventional methods of preparation include, 
but are not limited to, those disclosed by Bangham, A. et 
5 al., J. Hoi. Biol, 23: 238-252 (1965); Olson, F. et al., 
Biochim . Biophys . Acta 557: 9-23 (1979), Szoka F. et al., 
Proc. Natl. Acad. Sci. USA 75: 4194-4198 (1978), Mayhew, E. 
et al. Biochim. Bioohvs. Acta 775: 169-175 (1984), Kim, S. 
et al. Biochim. Biophys, Acta 728:339-348), and Mayer, L. 
10 et al., Biochim. Biophys. Acta 858:161-168 (1986). 

According to a preferred method, the negative and 
positive lipid reagents of t:he invention, comprising at 
least one amphipathic lipid species, such as a 
phospholipid, are prepared using the freeze-thaw-extrusion 
15 procedure indicated in Examples 1 and 2 . The component 
lipids are dissolved in a solvent such as chloroform and 
the mixture evaporated to dryness as a film on the inner 
surface of a glass vessel . On suspension in an aqueous 
solvent, the amphipathic lipid molecules assemble 
20 themselves into primary liposomes. If other molecules are 
present in the aqueous solvent, such as, for example, a 
bioactive substance, these will be captured within the 
liposomes, as indicated in Examples 3, 4, 5 and 6. 
Otherwise, empty liposomes will be formed, as in Example l. 
25 These primary liposomes are reduced to a selected mean 
diameter by means of the freeze-thaw procedure described in 
Example 2. 

The bioactive cargo of the lipid delivery system, 
according to the primary strategy of the invention, is 

30 entrapped into negatively charged liposomes. The lipid 
derivatives of agents disclosed above, for example, the 
lipid derivatives of antiviral nucleosides such as 
phosphatidylazidr ..hymidine or (3 '-azido-3 '-deoxy) thymidine- 
s' -diphospho-3-diacylglycerol, can be entrapped by direct 

35 incorporation into the wall of the lipid vesicle during the 
hydration of a lipid film comprising these lipid 
derivatives in the liposome formulation. Other agents can 
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«=oT n r t lated " ithin « the liposome 

LuLs 9 0 conventionai »~ ^ ing Bethodology , as 

Encaosul ation PT-r^^ Mrr 
5 substances intended for intracellular delivery can be 

encapsulated into negatively cr positively charaed 

For example, each of the lipid components co-prising the 
10 ZIZ f0rBUl " l0n is together Lto a 1 

«ent : T" 1C SOlVent ' " a Privative of an 

agent to be delivered is to be incorporated into Z 
looses a selected quantity of that agent is added to Se 
other lipid components at this time. The solved , 
evaporated and the vessel containing the resid^I lip d 
15 film is evacuated overnight to remove solvent traces. 

An hydration solution is next added to the dried liold 

n„ . llpid components alone, enmtv 

20 ~r fn" :r . if hyarati ° n ^ — 

lipid fim comprising lipid derivatives k< 
* 9 ent. the primary liposomes win cVm^ise that ! 
incorporated into the vesicle wall. ™l ^ 
-ing a Moactive disso^ ^ " IT^VUlZ 
film comprising only i iDids ^ • - pid 

- Bi u oon : rise ^^riVent vt:°r t 

compare "buffe" 0 :" 1 " 10 " "» 

Phosphate bu«ered t^" oTfof f • iS ° t ° nlC « 

comprising , % sorbitol of 10* bU " erS 

35 Known to those ^iued IT ^ " 

of the bioactive B „h C f a • . he conce ntration 

intended fT ^"IT""" "** * 

cej.iui ar delivery can vary widely 
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depending on the substance or the application; this 
concentration can be between 1 picogram/ml and 500 mg/ml. 
Following hydration of the lipid film, the resulting 
liposome suspension can be further emulsified by any one of 
5 a number of procedures; for ' example, the sample can be 
forced through Nuclepore* membranes to produce vesicles of. 
a size comparable to the pore size of the membranes. 
Encapsulations are described in Examples 3, 4, and 6 for 
the encapsulation of FITC dextran, 6-carboxy-fluorescein, 
10 and phalladion in the negatively charges lipid formulation 
of 4.9/2.1/3 DOPC/DOPG/cholesterol, followed by freeze- 
thaw and extrusion to achieve a uniform sized liposomal 
preparation. Any of the substance remaining unencapsulated 
can be removed, if desired, by a process such as gel 
15 filtration chromatography. 

The procedure for delivering materials into cells 
according to the method of the invention comprises a 
strategy of presenting the material to the cell in 
association with positively and negatively charged lipid 
vesicles, described as follows, and illustrated by the 
accompanying Examples. 

sSbstancls lar n<a11VerV ° f - T.ipnsome to^^ a TH»»nf^ 

In a preferred embodiment of the method of the 
25 invention, following the entrapment of a bioactive 
substance into negatively charged liposomes, or association 
of the substance with empty negatively charged liposomes, 
the resulting liposomes or complexes are added directly to 
cells, for example in an in vitro application, in a 
suitable biologically compatible medium, together with 
positively charged lipid vesicles. The concentration of 
lipid with which the cells are contacted varies widely 
depending on the application, but is between 1 /molar and 
50 mmolar and preferably from 10 /molar to 10 mmolar. The 
positively charged lipid vesicles attach spontaneously to 
the target cell surface, fuse with the cellular membranes 
and deliver the contents of the liposome into the cell 
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cytoplasm. 

In an alternate approach, the substance int*„^ * 
intracellular delivery is first tended for 

lively charged UpoLe 1 ;. or" L exT^ 

described previously. .These primary negative complexes"™ 
«en expose, to a quantity of positively 
vesicles. Xmmediately upon fixing the two solution! 
10 s D °l alnln9 OPP ° Sitely combes 

ssrzsjr cmprlsin9 ne ~ - 

The quantity of positively charged vesicles added to 
ZftZZT ' " e9atiVely Char9ed V6Sicles ^oula oe 

» cr^n^r-.^^- £ conplexes to - 

be sufficient to provide Z^J^LT^ ^ 

20 liposomes; however such .„ negatively charged 

elements is not a'lw y " ™ " 
attachment to the taroet „ ene0U ™ 9e 

intracellular L, ° SUrface t0 

to negate r^n TTT « 

«-«arges m the final complexes k« * 

about loo-i n i., o ""tpj-exes nay be from 

r 100.1 to 0.l:i and preferably 20:1 to 0.2:1. 
JntranPllulat. n^ M .. rr .. 

:o"=i d /:r n . in a "Z^zrrz 

The presentlnve^Ln "I "^^^ * Upi* vesicles, 
having a net overall „. charged liposomes but 

delivery of negrtivelv h *""* ** *"* 
-Plexus are prep^s ST. ~» — — ' — 
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Polynucleotides in solution are mixed with a 
sufficient quantity of positively charr.sd liposomes so as 
to form a complex which reduces the anionic characteristics 
of the polynucleotide by a sufficient amount as described 
5 below. Negatively charged elements in a polynucleotide 
solution can be readily quantified using the extinction 
coefficient for the nucleotide monomer which bears one 
negative charge per monomer. The concentration of 
polynucleotide in solution can be from about 0.01 /»g/ml to 
10 50 mg/ml, preferably from 1 pg/ml to 10 mg/ml and most 
preferably from 10 pg/ml to 1 mg/ml. The concentration of 
positively charged lipid vesicles can range from between 
0.1 /xg/ml to 100 mg/ml, preferably from 1 /ig/ml to 100 
mg/ml, and most preferably from 10 pg/ml to 50 mg/ml. The 
15 solutions may be mixed together from those having a low 
ionic strength buffer, that is having an ionic strength 
less than that of 25 mM sodium chloride. Sorbitol, sucros 
or glucose can be used to render a low ionic strength 
buffer isotonic. Adsorption of the polyanionic 
20 polynucleotides to the cationic vesicles reduces the 
negative charge character of the polynucleotides. In 
theory, the quantity of charges contributed by the vesicles 
should exceed the number of negative charges contributed by 
the polynucleotide, although this condition may not be an 
25 absolute requirement for every application. The ratio of 
positive to negative charges in the polynucleotide/cationic 
lipid complexes may be from about 100:1 to 0.1:1 and 
preferably 20:1 to 0.2:1. 

These positively charged complexes can further 
30 spontaneously associate with an excess of negatively 
charged vesicles so as to produce a negatively charged 
complex containing positively charged lipids and the 
polynucleotide. By following a protocol of this type, the 
entire polynucleotide can be incorporated by s lf-ass mbly 
35 into a lipid complex that can accomplish intracellular 
delivery without a loss in efficiency caused by incomplete 
nucleotide encapsulation. m theory, the quantity of 
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negatively charged liposomes added should ««« «. 
positive charge contributed by the co» P i ex "^Z T 
charged lipid and P o lymi cleotide. although in P Lti ce " 
level or negatively charged elements Jy not be ^d 
B for every application. Accordingly, the ratio of pc^" e 
to negate charges in the Poiynucleotide/cationic Upld 
conple.es may be 10 0=1 to 0.1:1 and more preferably ,0:1^ 

are analogous to the primary negatively charged lipid 
ZEZZTT ° thSr M ~ U " --— and" 
15 complexes. for those Primary 



iiposo.es can be -manufacture and 'can T JZLT ^ 
molecule or composition to be delivered t "* 
30 regardless of its sue or charge, ^e =o„ st 

structured complexes would be 1,1 f ™ ° £ ^ 
difficult. otherwise be extremely 

K^^^^™^.*"*-^ ^"very of 

- that could be v::;::L b i :™r? substances 

These substances include- incorporation. 

" zz, a of r,r :r L ~ - 

ceil rssocfar rorrceTct Ts™^ed by b tetol 
spectrophotometer. The di«^K mned b * a 

determined by ^ ~ <* "«™>« - 

fluorescence around the cell 3 ' re a d T , ' °* 
35 cell-associated vesicles- briahV 7 indicate 
to indicate ^'^T ^JS""* ^ "« tt ~ 
fluorescence to indicate , " USe ^Plasmic 

«d 1C ate cytoplasmic delivery, cytoplasmic 
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delivery is considered the most effective. 

(2) Fluoresceinated phalloidin. This 7-araino acid 
cyclic peptide binds specifically to intracellular actin. 
Functional delivery of this substance is indicated by the 

5 filamentous intracellular staining pattern characteristic 
of actin filaments seen on examination of the cells by 
fluorescence microscopy . 

(3) Anti-actin antibody. This antibody will bind to 
actin when delivered intracellular^ . Treated cells were 

10 fixed, perraeabilized and counter-stained with a fluorescent 
antibody against the anti-actin antibody. As in the case 
of fluoresceinated phalloidin, effective delivery is 
indicated by the characteristic actin pattern seen on 
fluorescence microscopy. cell viability for all 

15 experiments was determined by trypan blue staining. 

The results indicate that a variety of biologically 
significant materials can be delivered by this procedure 
utility 

The self -assembling delivery systems of the invention 
can be advantageously formed using any cationic lipid, 
whether those previously known, for example, DOTMA or 
DOTAP, or novel cationic lipids, such as those described 
above and also disclosed in co-pending U.S. Application of 
Feigner et al. , filed April 19, 1990, to deliver substances 
intracellular^ either in vitro or in vivo. Those cationic 
lipids described above having metabolizable ester bonds are 
preferred for in vivo use. m vitro applications include 
the intracellular delivery to any cell grown in culture, 
comprising cells of any species, whether plant or animal, 
vertebrate or invertebrate, and of any tissue or type. 

Contemplated uses comprise transfection procedures 
corresponding to those presently known. Accordingly, the 
strategies of the invention can be used to facilitate the 
intracellular delivery of DNA or mRNA sequences coding for 
therapeutically active polypeptides, as described in detail 
in U.S. Patent Applications Serial Nos. 326,305 and 467,881 
vhich are hereby incorporated . by reference. The self- 
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assembling silvery methods described hereln ho 
particularly preferred for the delivery of the expressed 
gene product or protein itself. Thus tte self-ess^g 
delivery of proteins can provide therapy for genetic 
5 disease by supplying deficient or absent £„e product t0 
treat any genetic disease in „ hieh the defective get or 
its product has been identified, such as Duchenne's 
dystrophy (Kunkel. L. and Hoffman, e. B&^J^Zl 
«<3,:«o- 6 « ,„.,, or cystie fibrosis^aSof^ 
10 fiature, 341(6238) : 102-3 (sept. 14 , l 989 , . ' 

The self-assembling delivery systems described above 
can also prov.de ionizing polypeptides to the cell either 
by de 1V erin, a polynucleotide coding f or the immuncgeT" 
» ^Sl.^-: -^uticany i^an" 
comprise a „ ti -sense ^L^T^T^J^Z 
eliminating or reducing the production of a gene product 
as described by Ts'o. p. et al. ^ He „ vJTLT^ 
570:220-241 (1987). ~ 
20 Also within the scope of fh e ,• 

livery, by means of the methods dLlosT"!" ^ 
catalytic *» species, either of the ^Iroin-T " 
described bv »,.„, i tne hairpin" type as 

25 Cech T ,nn . ' 90) ' or the " na, ™«head» type described by 

' B ' ^^-^-EiaciM, 55:5 99 - 629 

the a^^J^^^r"*-- - ~ 

Polynucleotide or ribo ,yme as described al 
>° as its target the rev site I, Z ™ ' haVln9 

October. IT^ pp 6 . ^ ""J™ 

I^ptsptS^ffete "J 42 "" 4248 <1989 ' * 
transactivator, specif ^ ^ ""-^ < """ W 

5 appi"; iXr^ de ' scribea ^ - - 

comprising ^ T or p oteT^s ^ 



WO 91/17424 



PCIVUS91/02962 



-25- 



10 



animal in vivo. However, these methods are particularly 
effective at facilitating in vitro transfection of cells. 
Therefore the above therapies can be alternatively carried 
out by in vitro transfection of some of the cells of an 
animal using self-assembling delivery methods, and re- 
introduction of the cells into the animal. The ability to 
transfect cells at high efficiency with self -assembling 
delivery thus provides an alternate method for 
immunization. The gene for an antigen is introduced into 
cells which have been removed from an animal by self- 
assembling delivery methods. The trans-fected cells, now 
expressing the antigen, are reinjected into the animal 
where the immurie system can now respond to the (now) 
endogenous antigen. The process can possibly be enhanced 
15 by co-injection of either an adjuvant or lymphokines to 
further stimulate the lymphoid cells. 

The compositions and methods of the present invention 
can be most advantageously used in the periodic supplying 
of endogenous or exogenous macromolecules, particularly 
20 proteins, to a cell. They are therefore particularly 
suitable for use in transient therapies which requires 
treatment with proteins, particularly in cells unable to 
carry out translation of messenger RNA. 

Examples of such transient therapeutic uses of self- 
25 assembling delivery methods herein disclosed include the 
liposomal delivery of nucleotide analogues having an 
antiviral effect, .such as dideoxynucleosides, 
didehydronucleosides, nucleoside analogues having halogen 
substituted and azido-substituted ribose moieties, such as 
30 3'-azido-3'deoxythymidine (AZT) , or nucleoside analogues 
such as acyclovir or gancyclovir (DHPG) . Lipid derivatives 
of antiviral nucleosides are presented in U.S. Patent 
Applications Serial Nos. 216,412; 319,485; and 373,088 
which are hereby incorporated by reference. These lipid 
35 derivatives are conveniently incorporat d into th vesicle 
walls of the primary negatively charged liposomes according 
to the primary strategy of the invention. 
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tissue plasminogen activator, factor VIII- c erv^ ' 
5 such as epidermal grow£ SET""""' 

growth factor, and hormones such as * M1 
calcitonin, and human growth ^LT^ ^TT 
peptides such as ricin, diphtheria toxin or Lt 

intra^uular " C ITZZTt " *>° 

topical application of the TipTd 
comprising acyclovir or gancycWr 

Herpes simplex. These tB JLlJ" treatment of 

« lipid derivatives of "e ant"" " J*"**""* ""^ 
Pnosphatidylgiycerol derivatTves as ^ «- 
Applications serial »os. 2 1S ^ 3" J * 
effect of the self Z , , 3 "' 465 and 373,088. The 

Militate te t *T ~ U *° 

- through the Sl ~ of^er^ 

delivery either i„ f ° r lntr <>cellular 

applications „e Ut r a r: r ° r V""" F " '» ««» 
»« Louies are encr D s ul . t T PO " tlVely Char96<l Mo ^ive 

reagent and -rrrrL:^^-?- 

volume of a su^n*,,*,- culture together with a 

Positively chVed Up rLa^t 1 ^ ^ ^ 
»• For i„ vl „ applications !' lnaicatea B«>PU 
0 encapsulated with nea,^ \ Corres P° nain 3 -olecules are 
coated with dipo'sli: ^ 
reagent oefore admi'i^Uon! *"~ 

5 EXiMPLE ^ P ° Sitive1 ^ <*•««- Liposome Preparation 

Lipids used: 1 ?-r<o/~i 

propane, dotm, diol.ov, * ° yloXy, - 3 -< tetoe <*yla»nonio) 

A guant/t; of 7 Ph ° s " hati ^~lami„e, cope. 
"y of , mg of ^ wm conblned 
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DOPE in 1 ml chloroform, dried in a Rotovap and the flask 
evacuated overnight on a vacuum pump. The lipids were then 
suspended in 0.5 ml double deionized water, and sonicated 
in a bath sonicator for 30 minutes at 15* or until the 
suspension was clear. A clear solution is indicative of 
liposome formation. (When the lipid concentration is 
greater than 80 mg/ml the solution does not clear.) 



EXAMPLE 2: Empty Negatively Charged Liposomes 

Lipids used: dioleoyiphosphatidylcholine, DOPC; 
dioleoylphosphatidylglycerol, DOPG; cholesterol 

15 Quantities of 4.67 mg DOPC, 4.06 mg DOPG and 2.9 mg 

cholesterol comprising 25 uMoles of total lipid, in a molar 
ratio of 4.9/2.1/3, DOPC/DOPG/cholesterol , were combined in 
1 ml of chloroform. The mixture was dried on a Rotavap 
apparatus and the flask evacuated overnight on a vacuum 

20 pump. 

The lipid film was suspended at 20 *C for l hour using 
a rotary shaker with l ml tris buffer (20 mM pH 7.5) and 
the suspension adjusted to 290 mOsm by adding crystalline 
NaCl. The sample was frozen in a dry ice/isopropanol bath 

25 and thawed in a 30 *C bath. The sample was then extruded 
under 200-750 psi using two stacked 0.2 micron 
polycarbonate filter membranes (Nuclepore") in a 10 ml 
volume "Extruder" (Lipex Biomembranes Inc., Vancouver, 
Canada). The freeze/thaw and extrusion was repeated two 

30 more times. The final product was extruded two more times. 



EXAMPLE 3: Encapsulation of FITC Dextran in Negatively 
Charged Liposomes J 

A guantity of 200 mg FITC Dextran (Sigma Chemical Co.) 
was dissolved in 1.5 ml 20 mM Tris buffer (pH 7.5) and the 
solution adjusted to 290 mOsm with NaCl. A lipid film, 
comprising 25 uMol s of total lipid, in a molar ratio of 
40 4.9/2.1/3, DOPC/dopg/ cholesterol, was prepared as in 
Example 2. The lipid film at 20*C was suspended in 1.5 ml 



WO 91/17424 



PCT/US91/02962 



-28- 



of the FXTO Dextr.n solution for l hour using . rotary 

shaker. The sample was frozen in » rf™ < ,■ r ° tarv 

bath and thawed in a 30- c bath th 1Ce/1S °I> r °«»»°l 
« T . . ™ iMC bath ' *»«> extruded under 200-750 

« Membranes (Hudepore", in a 10 ml volume -Extruder" ££1 

zzzr s inc - v — er - canato) - ~ ^-e/thi ^ 

extrusion was repeated two more times. The fina! product 
vas extruded two more times. The sampie was applied to a 
Sephadex 0-75 column eouiiibrated with the 2 o mK Sis 

2 <TT* to 290 mosn " ith Hacl > ~ £ - « 

volume, whxch contains the iiposome encapsulated P IT C 
dextran, collected. 

A quantity of 22 mg egg phosphatidylcholine 9 3 ffla 
egg Pho.pHatidylglyc.rol, 7.7 ng cholesterol and 1 

~onate f nter" eXa^ ^^H^ "o 

d t mes The TY""*" eXtrUSl ° n MS 

times. The fanal product was extruded two more times. 

SS^'ctog&ESgS. ° £ 6 carboxy-fluorescein in 

mj. or 20 mM phosphate buffer (r>w 1 a\ . 
approximately 160 m ,„ . r lpH 7 •4); and 

solution wa/re! .rLd to pnTri'^^ 80 ^ ^ »" 
with Haci. This LlJt adjusted to 290 *osa 

iQ This solution contained 8.8 * g/ia i 6CF (23 . 4 m . 
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A quantity of 9.34 mg DOPC, 8.12 mg DOPG and 5.8 mg 
cholesterol was placed into 2 ml of chloroform, comprising 
50 /iM of total lipid in a ratio of 4.9/2.1/3 
DOPC/DOPG/Cholesterol. The lipid film was suspended at 
5 20 *C for 1 hour using a rotary shaker with 0.75 ml of the 
6CF solution. The sample was frozen in a dry 
ice/isopropanol bath and thawed in a 30 *C bath. The sample 
was then extruded under 200-750 psi using two stacked 0.2 
micron polycarbonate filter membranes (Nuclepore) in a 10 ml 
10 volume "Extruder" (Lipex Biomembranes Inc., Vancouver, 
Canada) . The freeze/thaw and extrusion was repeated two 
more times. The final product was extruded two more times. 
The sample was frozen in a dry ice isopropanol bath and 
thawed at room temperature. It was then extruded though 0.2 
15 micron nucleopore filter membranes. The freeze/thaw and 
extrusion was repeated two more times. The final product 
was extruded two more times. The sample was applied to a 
Sephadex G-75 column equilibrated with the 20 mM tris buffer 
(adjusted to 290 mosm with Naci) and the void volume, 
20 containing the liposome encapsulated 6CF collected. 
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EXAMPLE 6: Encapsulation of Phalladion in Negatively 
Charged Liposomes 1 



A volume of 3 ml of roethanolic phalladion solution 
(3.3 (iK) was dried on the Rotovap. The phalloidin peptide 
was dissolved into 0.5 ml of Tris buffer (20 mM pH 7.5) and 
adjusted to 290 mOsm) . 

A quantity of 4.67 mg dopc, 4.06 mg DOPG and 2.9 mg 
cholesterol was taken up into l ml of chloroform. This 
results in 25 uMoles of total lipid, in a molar ratio of 
4.9/2.1/1/3, DOPC/DOPG/Cholesterol. The lipid film was 
suspended at 20- c for l hour using a rotary "shaker with 
35 1.5 ml of the phalladion solution. The sample was frozen 
in a dry ice/isopropanol bath and thawed in a 30 «c water 
bath. The sample was then extruded under 200-750 psi using 
two stacked 0.2 micron polycarbonate filter membranes 
(Nuclepore-) i n a io ml volume "Extruder" (Lipex 
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Biomembranes Inc., Vancouver Can**^ 

5 at roc temperature 7t ^/"opropanol bath ana thawed 

extrusion was repeated two ,™ freeze/thaw and 

was extruded two more tiles J^"" , ^ "»*»* 

to a Sephadex c- 75 coC ~ *- * PPl1 " 

" buffer ousted to 290 1m 1th „X »d e,"" ^ 
volume, containing «.*. " , . ' 804 v °*d 

collect ' ^ 11P ° SOne en «P-l»ted phaUadion 

15 EXAMPLE 7: Cells 

BBS (Dulbeceo's phosphate buffered 
calcium or magnesLam) _ mm wZZ ™ *^ Vlth ° Ut 
medium, were obtained from Irv L 
20 Opti-MEM was obtained f r». ° lentiflc (Irvine, CA.). 

Technologies, Inc "rand lT „ CUfe ' 

, xnc. , Grand Island, New York* n . 

serum w as obtained fro, Hvoione ^ « 

" Une."^^' /arZite VoTs^ 

cells are grown in »™», . Institute. The 

grown in monolayer in DMEM + lo* Mr 
fungibact (I „ine Scientific,. cells ' " 

trypsinization with t,„„, L e reBov ed by 

'° seeded onto 4 ^ Ub^ ti m ° n - « 

«H 3T3 cells are manned ° — 
to retain their a^^W^"* "*«* CUlt »~ 

The eel" a C :e 1 Li a » r : a L7 an ^i* 1 ~» "~ 

5 fungibact. ThT ceiu 1" T + " % ~» + » 

trypsini.ed for t""fe ceL""^'' 0 " ^ - 
for microscope slides .1 Seedea at low de »sitY 

^ sUdes at approximately woo cells per 4 
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EXAMPLE 8: Delivery of Detectable Substances into Cells 
Using Self -assembling Charged Lipid Complexes' 

5 

Positively charged liposomes, prepared as described in 
Example l were diluted with water to give a concentration 
of 1.15 ng/ul. Negatively charged liposomes, comprising 
FITC dextran, 6-carboxy fluorescein, or phalladion, 
10 encapsulated in a negatively charged lipid vesicle and 
prepared according to Examples 4, 5 and 6 respectively, 
were diluted to give a concentration of approximately 0.05 
ng/ul with Tris buffer (20 mM, pH 7.5; 290 aOsm) . 

The substances were then delivered into either HeLa or 
15 3T3 cells as follows: 

Growing media, was removed from the cells which were then 
washed with phosphate buffered saline (PBS) 2 times. Opti- 
Mem non-serum media (2 ml) was then to each 4 cm 2 well. 
Quantities of 35 ul of empty positively charged lipid 
vesicles, prepared according to Example 1 and 80 ul of 
negatively charged lipid vesicles having the detectable 
substances indicated above encapsulated within were added 
to each of the wells containing cells. Plates were 
incubated for 2 hours at 37 «C, then washed with PBS 2 times 
and viewed with the epi-fluorescent microscope using the 
appropriate filters. 



20 



25 



30 



35 



RESULTS: 

Comparing phase contrast photomicrograph (a) with the 
corresponding fluorescence photomicrograph (b) in each 



case: 



Figure l shows intracytoplasmic delivery of 
fluoresceinated dextran (MM 4000) encapsulated into 
negatively charged vesicles, into NIH-3T3 cells according 
to the methods previously described, using DOTMA/DOPE 
vesicles. This dye is considered to be a mimic for a water 
soluble peptide, and its behavior would b expected to b 
indicative of peptide delivery. Figure 2 gives similar 
40 results with HELA cells. 



I 

J 
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A low molecular „ eight fluorescent 6 - carboxy 
fluoresces, encapsulated into negatively charged vesicle^ 
can also be delivered into 3T3 cells using DOTMA/DOPE by 
thxs method as indicated on Figure 4. Again the comparison 
with the light micrograph illustrated co-localization with 
the cytoplasm of the cells. 

Figure 5 shows the results of delivery of negatively 
nthT, e "«P-^ted *hodamine-phalladio„, into 

NIH-3T3 cells using DOTAP/DOPE. Fluorescence is confined 



10 



15 



20 



to the cytoplasm m these micrographs and the pattern of 

L" 0re r, C T 0e " tyPiCal ° f P" a "^i°n binding to 
intracellular actin filaments. 

as in^".^ lip0pMUc ^-.i—PB, prepared 

as indicated ln Example 6. can also be delivered 
intracellular^ by this method, into NIH-3T3 cells ustno 
DOTMA/PE vesicles (Fi g„re 3,. comparison with tne l^t 

ZZZZZZ indicates a eo ~ lon of 



EXAMPI* 9: a Kit for intracellular Delivery Procedures 

A kit was constructed to provide materials to 
accomplish the delivery and uptake of 

of a vial containing dried lipid, a buffer solution a 
solution containing cationic lipid vesicles . 
provided with a o.« micron Huclepore' memCe' in a 7^1 
30 cent 9 ', " lnStrU ° tion >««*:. *»e lipid H" 

fnm ™ ! dlol "ylPhos P hatidyl 9 iycerol in a dried iipia 

« Th \ bU " er SOlutio " — i«ed of 130 m Haci and „ 
«M sodium phosphate buffer at a pH of 7 4 

3= intercellular Tt't *° »° n °<*°- 1 antibodies to 

ntercellular actm for transfection into mammalian cells 
according to the instructions provided. A quanti^ of tte 
--molecule to be delivered, in th is J£ ^ £ 

well. The solutlon was then piaoea ^ ^ 
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containing vial to hydrate the lipid film and form a 
liposome suspension. The lipid suspension was then loaded 
into the barrel of the syringe provided, and the liposome 
suspension was forced out through the filter membrane to 
5 form smaller lipid vesicles of a more uniform size. Under 
these conditions approximately 10% of the initial quantity 
of macromolecule is encapsulated into the lipid vesicles. 

The cationic lipid vesicle solution provided in the 
kit consisted of 0.5 mg/ml of a DORI diether and 0.5 mg/ml 
10 dioleoylphosphatidylethanolamine. The user is instructed 
to combine 5/xl of the negatively charged liposomes with 100 
/»1 of the DORI/DOPE solution and to add the mixture onto 
tissue culture cells (approximately 10 6 cells) growing on 
OptiMem" media without serum. The incubation of the cells 
15 then continues for 2 hours. The cells are washed, and then 
assayed for the biological endpoint, as in Example 8. 

There will be various modifications, improvements, and 
applications of the disclosed invention that will be 
apparent to those of skill in the art, and the present 
20 application is intended to cover such embodiments. 
Although the present invention has been described in the 
context of certain preferred embodiments, it is intended 
that the full scope of the disclosure be measured by 
reference to the scope of the following claims. 
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WHAT TS CIATMFn TC 
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2. 

15 



20 



25 



30 



1. A method for making a vehicle for administering a 
bioactive substance to a cell, comprising the steps of" 

providing said substance in a f irst lix > ia 
vesicle, said vesicle comprising at least on! 
negatively charged lipid and having a net negativl 
charge; and " ™ 

combining said first lipid vesicle with second 

cations xipxd and having a net positive charge; 
whereby said first lipid vesicles are coated with It 
least one positively charged lipid vesicle, 
a. The method of claim l, „ nereln Mi(J bioact , 
substance is lipophiUc or comprises lipophilic \l^Z 

in 'ltiz into - ^ — ^ - 

substance r " eth ° d ° f ° laln l ' " herein r «" Woactive 
substance „ e no ulated within said first Xipid vesicle. 

tloJLTZZ^T;^ a 

of: t0 a cel1 ' comprising the steps 

contacting a bioactive substance with at least 
one li pid vesicle/ said lip . d vfisicie l£ St 
negat, vel harged lipid ^ * 

S^T^'i whereby said bioactive subst — - 

said lipid vesicle form a first lipid COJnplex? and 

vesicles ^ Upid with lipid 

vesicles comprising at least one cationic li Did 1£ 

having a net positive charge, whereby sa^firtt lipid 
complex and said positively charged lipid 1^ 
form a second li pid complex. - vesicles 

5. The method of claim a ..v. . 
^ -stance is li p o pll i Uc or ^ Up^^. 
6 ' Tne method of clai™ ^ v . 
substance has positively cha " bio ^- 

positive charge. * ° r has - net 
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7. The method of any one of Claims 1 through 6, 
further comprising the steps of: 

(a) contacting said vehicle with negatively charged 
lipid vesicles to form a lipid complex having 

5 negatively charged regions on its outer surface; and 

(b) contacting said lipid complex with positively 
charged lipid vesicles to form a vehicle having 
positively charged regions on its outer surface. 

8. The method of Claim 7, further comprising 
10 repeating steps (a) and (b) at least once. 

9. A method for administering a bioactive substance 
to a cell, comprising the steps of: 

providing said substance in a negatively charged 
lipid vesicle; 

15 administering, said negatively charged complex to 

a cell together with lipid vesicles comprising at 
least one cationic lipid, said vesicles having a net 
positive charge. 

10. A method for administering a bioactive substance 
20 to a cell, comprising the steps of: 

preparing a~ complex comprising said bioactiv 
substance and a negatively charged lipid, said complex 
having a net negative charge; 

administering said negatively charged complex to 
25 a cell together with lipid vesicles comprising at 

least one cationic lipid, said vesicles having a net 
positive charge. 

11. The method of claim 9 or 10 wherein said 
bioactive substance is administered in vivo. 

30 
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12. The method of any one n * 

vhe rein cationlc llpid nj£™ * . 

H 2 c - yi - R i 
hA - y2 - R 2 

R 3 

(CH 2 ) n - | + - R4 x - 
R 5 - O - r6 _ R 7 

wherein 

- c 23 inicr sMe or aifferent ana a ~ «• ^ * 

* t C -c^ C ^ a , lkyl Strai9ht Chain ° r branch « a —l-i 
2. ar« „t 2 a ,B Tv H 7 2 "oxyxic acia which is 

^^^■ 0 ;:;^x 2) ^- llnkaa - s - 

charge/ g Lp° r a VT T aCW haV1 " 9 * 
co-prisina araini" *' ° haln ' " la 

-sl rr:;- . is t r n " lyslne or ° mi ™** - 

« "mine of the J Joi,! ' anln ° **** Whereln «» 

groups, or * " """""l— -1th R 4 or r5 

^ « a D -a lB r Ptlde SeleCt6d ^ tte listing of 

or D - a3 -Pha ammo acids, wherein i ^ 

amino acids residue „ • herein at least °ne of the 
ornithine. oT^Z^Z^ ' 



n Is l to 8; 



WO 91/17424 



PCT/US91/02962 



10 



-37- 

m is 1 to 18; and 
X is a non-toxic anion, 
providing that when n is 1, 

R 5 is -CH 2 -CH 2 -, R 6 is absent, and R? is H , then R 1 and R 2 
are not both stearoyl. 

13. A method according to Claim 12 wherein said 
cationic lipid is DL-l,2-dioleoyl-3-dimethylaminopropyl-£- 
hydroxyethylammonium and its salts. 

14. A method according to Claim 12 wherein Y 1 an a y2 
are different and are either -o-CH 2 - or -O-C(O)-. 

15. A method according to Claim 14 wherein at least 
one cationic lipid is 1-O-oleyl-, 
2-oleoyl-3-dimethylaminopropyl-^-hydroxyethylammoninm. 

16. A method according to any one of Claims 1 through 
15 6 , wherein said cationic lipid is 

l,2-bis(oleoyloxy) -3- (trimethylammonio) propane (DOTAP) . 

17. A method according to any one of Claims 1 through 
6 wherein said cationic lipid is an 

N-( W , o>-l-dialkoxy)-alk-l-yl-N, N, N-trisubstituted 
20 ammonium surfactant. 

18. A method according to Claims 1 through 6 wherein 
at least one cationic lipid has the structure 

H 2 <p - Y 1 - Rl 

25 H6 - Y 2 - R 2 

H 2 C - N + - R 4 X- 

1* 



or an optical isomer thereof, wherein 

R 1 and R2 are individually absent, C x to C 23 alkyl or 
35 alkenyl, or H; 

Y 1 and Y 2 are different and are either -0-CH2-, -O-C(O)- or 
OH; 

R 3 , R 4 and r5 are the same or different and ar H, C 2 to 
C14 alkyl, c 7 to c n aryl or alkaryl, or at least two of 
R , R 4 and r5 ar taken together to form quinuclidino, 



40 
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piperidino, pyrrolidine, or morpholino; 

n is 1 to 22; and 

X is a non-toxic anion. 

19. A composition of matter, comprising: 
5 a bioactive substance contained in at least one 

negatively charged lipid vesicle; and 

lipid vesicles comprising at least one cationic 
lipid species and having a net positive charge at 

ve^cle^ 1311 " C ° Verin9 liPi d 

bioJL°: COmP ° Sition of cl ^» 19 wherein said 

bioactive substance is encapsulated within said negativelv 
charged lipid vesicle. negatively 

21. The composition of ri a {« , 0 

region whereby said bioactive substance i s incorporated 
-ng the lipids of said ne9atively ^ Up ™ 

coaple* or TTio 'T- ° f C ™ ln * » P^-ry 

ompiex of a bioactive substance ana at i—,* 

=0 negatively charged lipid vesicle; and T 

species iP and V bav CleS ^"^i"* at least — cationic lipid 
species and having a net positive charge at least 

covering said negatively charged lipid vesicle ""0^ 
secondary complex. 

25 23. The composition of claim 22 wherein 

30 25 * The com Position of claim 19 „^ „ t 

Moactive substance is a protein " 

26. The composition of m»**. «io 
bioactive substance is a pj^^. ~ " »" 

3S bioactive substJTcTiranTntise ^ " Whe ~ in 
9R ™ antisense polynucleotide. 

i:st~rdru 0 g f . " « " — 



/ 
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29. The composition of any one of Claims 19 through 
27 wherein at least one cationic lipid has the structure 

H 2 C - Y 1 - R 1 
hA - Y 2 - R 2 

•f (I) 
10 (6H 2 ) n - A+ - r4 x - 

R 5 - 0 - R 6 - R 7 

wherein 

15 yl and Y 2 are the same or different and are -0-CH 2 -,- 

0-C(0)-, or OH; 

R 1 and R 2 are the same or different and are H, C x to C 2 3 
alkyl or alkenyl, or are absent; 

R 3 and R 4 are the same or different and are Cx to C 24 
20 alkyl, or H; 

R 5 is C 2 to C 24 alkyl straight chain or branched chain; 
R 6 is -C(0)-(CH 2 ) ro -NH-, a diaminocarboxylic acid which is 
alkyl, aryl, or aralkyl, or -CCOJ-fCHzJm-NH- linked to said 
diaminocarboxylic acid, or is absent; 
25 R 7 is H, spermine, spermidine or a histone or the same 
groups wherein the amine is quaternized with R 3 , R 4 , or R 5 
groups; or 

R 7 is an L- or D-alpha amino acid having a positively 

charged group on the side chain, said amino acids 
30 comprising arginine, histidine, lysine or ornithine or the 

same amino acids wherein the amine is quaternized with R 3 , 

R 4 or r5 groups, or polypeptides comprising said L- or D- 

alpha amino acids; 

n is l to 8; 
35 n is l to 18; and 

X is a non-toxic anion, 

providing that when n is l, 

R 5 is -CH 2 -CH 2 -, R6 is absent/ an(J r7 is H# R i and r2 

are not both stearoyl. 

40 30 * The composition of claim 29, wherein at least 

one cationic lipid is 
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l^-diolecyl-a-dixnethylaBinopropyl^-hydro^y^^.^ 

31 The composition of claim 29, wherein yl and y2 
are different and are either -o-CH 2 - or -O-C(O)-. 

32. The composition of claim 31, wherein at least one 
5 catxonxc l ipid is l-0- O le y i-, 2 - o ieo y i-3-dimeth y iaminoprop y ! 
-/J-hydroxyethylammonium. Propyl 

cationlc iTnld C01nP0Siti0n ° f Clai » wherein said 

canonic l lpid is l,2-bis(oleoyloxy> 3-(trimethylammonio)- 
propane (DOTAP) . nioJ 

10 cationic I 1 " 6 « C ° mP0Siti0n ° f Clai » wherein said 

catiomc ixpxd is an n-(., w -i-dialkoxy) -al)c-i- yl - N w 
N-trisubstituted ammonium surfactant. ' 

cat , 35 ' cora e° siti °" of Claim 29, wherein at least one 

cationic lipid has the structure 



15 



20 



25 



H 2 c - yi - R i 

HC - Y 2 - R 2 
r3 

H 2 C - ti+ - r4 x _ 
R5 



or an optical isomer thereof, wherein 

aVnyt; ^ ™ — «*' * to C 23 alkyl or 

30 OH;"" ^ ^ diffSrent -0-0(0,. or 

R 3 , R* and R5 are the same or diff 

* ^ V" " ™< - - least 'two" 

35 n is l to 22; and 

X is a non-toxic anion. 

compos V tl ae r liv PrePar f in9 self -"— b "^ "Pia 

40 cro or J " v *v°, comprising: 

at least one vessel containing at least one 
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negatively charged lipid speci s; 

a quantity of a lipid substance, said substance 
comprising at least one cationic lipid species. 

37. The kit of Claim 36, further comprising at least 
one hydrating buffer solution. 

38. The kit of Claim 36, further comprising a 
membrane filter device. 

39. The kit of Claim 36, wherein said cationic lipid 
species has the structure 

H 2 C - Y 1 - R 1 
H i - y2 _ R 2 

R3 

(6H 2 ) n - | + - R 4 X 



- il + - 



0 - R 6 - R7 



wherein 



Y 1 and Y 2 are the same or different and are -o-CH 2 -,- 
O-C(O)-, or OH; 

R 1 and R 2 are the same or different and are H, C x to 
25 C 23 alkyl or alkenyl, or are absent; 

R 3 and R 4 are the same or different and are c 2 to C 24 
alkyl, or H; 

R 5 is c 2 to C 24 alkyl straight chain or branched chain; 
R 6 is -C(0)-(CH 2 )jn-NH-, a diaminocarboxylic acid which is 
alkyl, aryl, or aralkyl, or -C(0)-(CH 2 ) ffi -NH- linked to said 
diaminocarboxylic acid, or is absent; 
R 7 is H, spermine, spermidine or a histone or the same 
groups wherein the amine is quaternized with R 3 , , or r5 
groups ; or 

35 r7 i s an L _ or D _ alpha amino acids naving a positively 
charged group on the side chain, said amino acids 
comprising arginine, histidine, lysine or mithine or the 
same amino acids wherein the amine is quaternized with R 3 , 
R or R5 groups, or polypeptides comprising said L- or D- 

40 alpha amino acids; 
n is 1 to 8; 
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m is l to 18; and 

X is a non-toxic anion, 

providing that when n is l, 
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subclass 71 ,„d Class 514. cubclasiS l3Se 43S ' 

II. Claims 9-11 are drawn ^ , AL 

bioactive substa^cl to a cell- cif« !^ h ° d ° £ adm in^tering a 
514. subclass 2. laSS 4 ^ 4 ' subclass 450 and Class 

Class 435. subclLs 240?" Substance ^ing a cationxc lipid: 

IV. Claims 19-35 are drawn , 

bioactive substance and a cationiJ MoT"^? 0 , containi ng a 
subclass 240.2. cationic lipid vesicle: Class 435, 

V. Claims 36-39 are drawn to \* •+ 

complexes: Class 422. subclass 61 self -assembling liquid 

The claims of these five 



